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Abstract: Maize (Zea mays L.) hybrids with good yields of grain and whole-plant dry matter are preferred for forage production.
The objective of this study was to examine the relationship between kernel development and nutritive value of maize silage, using
controlled pollination to alter the extent of ear fill in 4 maize hybrids. Whole-plant acid detergent fiber (ADF), neutral detergent fiber
(NDF), and crude protein (CP) were measured. Pollination control affected the ear fill for 0% and 100% pollination levels. Stem
diameter and plant height were not affected by pollination treatment; however, they were different for the hybrids. Leaf content
and stalk content were negatively correlated (r = -0.68** and -0.87**, respectively) with actual ear fill. Ear content was also
positively correlated with dry matter (DM) yield (r = 0.69**) and was negatively correlated with ADF (r = -0.73**) and NDF
-1
(r = -0.73**). Harvest index varied among pollination treatments and the hybrids. The greatest DM yield (17.8 Mg ha ) obtained
at 100% pollination level. Whole-plant DM content increased by 19% as pollination level increased from 0% to 100%. DM content
was positively correlated with grain yield (r = 0.80**) and ear content (r = 0.81**) and it was negatively correlated with leaf content
(r = -0.63**) and stalk content (r = -0.77**). Whole-plant NDF (r = -0.81**) and ADF (r = -0.75**) were negatively correlated
with pollination levels or actual ear fill. DM content and DM yield increased with pollination levels as a function of ear fill. The results
revealed that ear fill and kernel development are important factors in decreasing whole-plant NDF and ADF values.
Key Words: Silage maize, pollination, agronomic characters, dry matter yield, crude protein, acid detergent fiber, neutral detergent
fiber

Tozlaﬂma Düzeylerinin Silajl›k M›s›rda Verim ve Kaliteye Etkisi
Özet: Kuru madde ve tane verimi iyi olan m›s›r çeﬂitleri yem üretiminde daha çok tercih edilmektedir. Bu çal›ﬂman›n amac›, kontrollü
tozlaﬂma koﬂullar›nda dört silajl›k m›s›rda tane geliﬂimi ve yem de¤erleri aras›ndaki iliﬂkileri incelemektir. Araﬂt›rmada, kontrollü
döllenme koﬂullar›nda m›s›r çeﬂitlerinin asit deterjan fiber (ADF), nötral deterjan fiber (NDF) ve ham protein (CP) de¤erleri
incelenmiﬂtir. Tozlaﬂman›n kontrol edilmesiyle koçanda tane oluﬂumu etkilenmiﬂtir. Tozlaﬂma uygulamalar›n›n bitki boyu ve sap
kal›nl›¤›na etkisi görülmemiﬂtir. Ancak, m›s›r çeﬂitleri aras›nda bitki boyu ve sap kal›nl›¤› bak›m›ndan farkl›l›klar belirlenmiﬂtir.
Koçanda tane oluﬂumu ile yaprak oran› (r = -0.68**) ve sap oran› (-0.87**) aras›nda negatif iliﬂki vard›r. Koçan oran› ile kuru madde
verimi aras›nda (r = 0.69**) pozitif iliﬂki olmas›na karﬂ›n, ADF (r = -0.73**) ve NDF (r = -0.73**) oran› arasinda negatif iliﬂki
belirlenmiﬂtir. M›s›r çeﬂitlerinde hasat indeksi tozlaﬂma uygulamalar›na göre de¤iﬂkenlik göstermiﬂtir. En yüksek kuru madde verimi
(17.8 Mg ha-1) %100 aç›k tozlaﬂma uygulamas›ndan elde edilmiﬂtir. %100 tozlaﬂma uygulamas›ndan elde edilen kuru madde oran›,
%0 tozlaﬂma uygulamas›na göre %19 daha yüksek olmuﬂtur. Kuru madde oran› ile tane verimi (r = 0.80**) ve koçan oran›
(r = 0.81**) aras›nda pozitif, yaprak oran› (r = -0.63**) ve sap oran› (r = -0.77**) aras›nda negatif iliﬂki belirlenmiﬂtir. M›s›r
çeﬂitlerinde, tozlaﬂma oran› veya koçanda tane oluﬂumunun artmas›yla NDF ve ADF oranlar›nda azalma belirlenmiﬂtir. Koçanda tane
oluﬂumuna ba¤l› olarak kuru madde verimi ve kuru madde oran› da artm›ﬂt›r.
Anahtar Sözcükler: Silajlik m›s›r, tozlaﬂma, agronomik özellikler, kuru madde verimi, ham protein oran›, asit deterjan fiber, nötral
deterjan fiber
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Introduction
Forage maize, a summer-growing crop, is usually
harvested and ensilaged in autumn to feed ruminants.
Maize silage is a high-quality forage crop that is used on
many dairy farms and on some beef cattle farms in
Turkey. Approximately 600,000 hectares of grain maize
are grown annually and 10% of this production is
harvested for silage (TKB, 2007). Within the last 10
years, silage maize production has increased after
harvesting of winter cereals like barley or wheat and in
irrigated regions where the vegetation period is too short
for grain production. There are several government
programs to increase the number of farmers to produce
maize silage.
Many environmental factors, management systems,
and genetic factors influence yield and quality of maize
forage (Struik, 1983; Deinum, 1988; Cox et al., 1994;
Cusicanqui and Lauer, 1999). Forage maize producers
usually are advised to plant hybrids with high grainyielding potential since a high grain content increases
maize forage palatability, energy level, and digestibility
(Woody et al., 1983; Wolf et al., 1993) since corn silage
nonstructural carbohydrates is mostly starch (NRC,
2001), and typically accounts for about 50% of total dry
matter under good conditions (Irlbeck et al., 1993; Coors
et al., 1994). Allen et al. (1991) observed a strong
relationship between grain content and whole-plant
digestibility (r = 0.80) on a broad range of hybrids, some
with very low grain yields. However, Deinum and Bakker
(1981) observed only a weak relationship between
digestibility and ear filling percentage. Maize silage
produced from plants containing a low proportion of
grain have contained greater concentrations of acid
detergent fiber and acid detergent lignin, and lesser
concentrations of digestible organic matter, causing less
milk production when added to dairy rations (Phipps et
al., 1979; Russell et al., 1992). The ideal silage maize
-1
hybrid needs a grain fraction of at least 300 g kg
(Pinter, 1986). Similarly Barriere et al. (1997) concluded
that the optimal grain content should be around 46%,
corresponding to a starch content of about 30%. Nocek
(1997) reported that over 30%-40% of starch in rations
may cause acidosis and metabolic problems. NDF and
starch content should be balanced to avoid milk fat
depression and acidosis in dairy cattle rations (NRC,
2001) Kernel development is influenced by the climate
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and photo-period (Struik, 1983). In some regions of
Turkey, kernel development is not a problem if planting
is done as a first crop in early May, preferably between
May 10 and 20. However, silage maize is mostly grown
as a second crop after harvesting of winter cereals.
Therefore, due to the short photo-period, complete
kernel development and whole-plant dry matter
concentration are rather low.
In order to adequately evaluate the relationship
between kernel development or grain yield and wholeplant quality, maturity effects must be considered. The
objective of this study was to evaluate the relationship
between kernel developments or ear-fill and nutritive
value of maize silage in 4 maize hybrids by altering the
extent of ear fill under controlled pollination.

Material and Methods
This study was conducted in the experimental area of
Field Crop Department, Faculty of Agriculture, University
of Gaziosmanpaﬂa, Tokat, (40° 13’ - 40° 22’ N, 36°1’ 36° 40’ E, altitude 623 m) Turkey. During this study,
total rainfalls of 120.4, 134.6, and 135.0 mm and
average monthly temperatures of 20.2, 19.6, and 19.4
°C were recorded in May to September 2001, 2002, and
long-term period, respectively. The experimental design
was a randomized complete block in a split plot
arrangement with 4 replications. Main plots consisted of
mid-late maturing hybrids (Pioneer 3163, Pioneer 3167,
Pioneer 3223 and TTM 815) and subplots consisted of
0%, 50%, and 100% pollination treatments The hybrids
were planted in 5-row plots at 0.60 cm row spacing at a
-1
density of 83,300 plants ha and the sowing dates were
May 17, 2001 and May 21, 2002. The plot size for each
subplot was 5.0 m long and 3.0 m wide. Each of the
subplots received 3 pollination treatments; 0%
pollination where a shoot bag was placed over ear shots
to prevent pollination, 50% pollination where the silk
channel was split in half and one side was covered with a
shoot bag while the other side was exposed to pollens,
and 100% pollination where ear shoots were allowed to
develop normally (Coors et al., 1997). The trials were
fertilized according to soil test recommendations. Before
planting, 180 kg ha-1 N (ammonium nitrate) and 100 kg
ha-1 P2O5 were applied. An additional 180 kg ha-1 N
(ammonium nitrate) was applied when the plant heights
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were about 45 cm. Weeds were manually controlled. The
3 centre rows of each plot were harvested when the
kernel milk-line was between 50% and 75% in
September (Wiersma et al., 1993). Eight plants were
harvested from each subplot for whole-plant analysis and
plants were split into leaf, stalk, and ear fractions. The
samples were dried for 7 days at 60 °C. Ears were then
shelled and grain weights were recorded to determine the
harvest index. Harvest index (HI) was defined as the ratio
between ear DM and fodder DM. Within each plot, the
percentage of ear fill was calculated for the 50%
pollination subplot relative to the dry weight of seed
recorded for the 100% pollination subplot (Coors et al.,
1997). Dry samples were ground with a hammer mill to
pass a 1-mm screen. Whole-plant samples were analyzed
for NDF, ADF, and CP. A 0.5 g sample was used for
sequential detergent analysis to determine NDF and ADF
(Goering and Soest, 1970; Soest et al., 1991). Total N
was determined by the Kjeldahl method/procedure. Crude
protein was calculated by multiplying the total N by 6.25.
All calculations were made on a dry matter basis.
All data were analyzed with analysis of variance
(ANOVA) procedures using the SAS package (SAS
Institute, 1990). Treatment means were compared by
Fisher’s Least Significant Difference (LSD) test. The data
for 2 years were therefore analysed as a split-plot and the
values presented are means of 2 years. LSD for grain
yield per plant and harvest index were calculated using
only the 50% and 100% pollination levels, because grain
development was completely prevented at the 0%
pollination level. LSD for actual ear-fill percentages were
calculated only at the 50% level by a randomized
complete block analysis because percentages were based
on grain weights relative to the weights at the 100%
pollination level (Coors et al., 1997). Also, the General
Linear Model (GLM) procedure of SAS was used to
determine the simple correlation coefficients among all
measured variables.

Results
Agronomic Characteristics
Pollination control for the ear-fill treatment was
effective (Table 1). As expected, zero percent
pollination prevented any kernel development. Ear-fill
was normal for the 100% pollination for the 4 hybrids,

and average grain yield was 94 g plant-1 (on dry matter
basis). Hybrids varied in grain yield at the 100%
pollination treatment. The lowest grain yield was
-1
obtained from the Pioneer 3167 (75 g plant ), while
the highest grain yield was obtained from the Pioneer
3163 (116 g plant-1). Plant height and stem diameter
were not affected by pollination treatment (Table 1-3).
The values for plant height ranged from 213 to 239
and for stem diameter from 18 to 21 mm. The highest
plant height (239 cm) was obtained from the TTM 815,
while the lowest plant height (213 cm) was obtained
from the Pioneer 3163 and Pioneer 3167. Stem
diameters were similar (21 mm) for the TTM 815 and
Pioneer 3167. Pollination treatments were effective on
whole-plant fractions (leaf, stalk, and ear content).
Average stalk content was higher at the 0% pollination
-1
than 100% pollination treatment (490 g kg and 273
g kg-1, respectively) (Table 1). Increasing ear content
decreased stalk content and leaf content. The ear
content was 262, 401, and 550 g kg-1 for the 0%,
50%, and 100% pollination treatments, respectively.
The harvest index (HI) varied among pollination
treatments and hybrids. The HI values increased from
the 50% (214 g kg-1) to 100% (427 g kg-1) pollination
treatments (Table 2).
Yield and Quality Characteristics
The highest DM yield was obtained from the 100%
-1
pollination treatment (17.8 Mg ha , Table 2). DM yield
for Pioneer 3163 and Pioneer 3223 were higher than
TTM 815 and Pioneer 3167 because of the influence of
pollination. Whole-plant DM content increased 19% as
pollination increased from 0% to 100% (Table 2).
Whole-plant DM content values were 266 and 328 g kg1
at 0% and at100% pollination, respectively. Wholeplant CP, NDF, and ADF results are shown in Table 2.
Whole-plant NDF concentrations were 552, 536, and
-1
447 g kg at the 0%, 50%, and 100% pollination level,
respectively. The whole-plant ADF decreased by 229 g
kg-1 when pollination level increased from 0 to 100%
(Table 2). Actual ear fill has negative correlation with
ADF content (r = -0.70**, Table 4). Whole plant CP
obtained at 0% and 100% pollination levels did not
differ (Table 2). There were no differences in wholeplant CP (ranging between 65 and 74 g kg-1) among
the hybrids.
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Table 1. Effect of pollination level on the grain yield, actual ear fill, plant height, stem diameter, proportion of fraction in 4 maize hybrids.
Proportion of fraction in whole-plant
Hybrids

Pollination
level

Grain
yield

Actual
ear fill

Plant
height

Stem
diameter

Leaf

Stalk

Ear

%

g plant-1

%

cm

mm

g kg-1

g kg-1

g kg-1

0

0

0

242

21

209

562

228

50

28

33

234

20

222

406

370

100

86

100

241

21

159

286

553

0

0

0

210

19

244

475

281

50

34

37

208

17

217

367

413

100

97

100

223

20

166

248

583

0

0

0

219

18

230

461

283

50

31

28

204

16

220

346

431

100

116

100

213

19

162

264

572

0

0

0214

23

255

460

256

50

35

47

210

20

249

359

391

100

75

100

214

21

214

294

490

TTM 815

57

67

239

21

196

418

384

Hybrid

Pioneer 3223

66

69

214

19

209

363

426

average

Pioneer 3163

74

64

213

18

204

357

429

Pioneer 3167

55

73

213

21

239

371

379

LSD 1

15*

6*

16*

2*

23*

47*

ns

Pollination

0

0

0

221

20

236

490

262

level average

50

32

36

214

19

227

370

401

100

94

100

222

20

176

273

550

LSD 2

22**

8**

ns

ns

22**

37**

48**

Interaction

ns

ns

ns

ns

ns

ns

ns

TTM 815

Pioneer 3223

Pioneer 3163

Pioneer 3167

LSD 1 is the least significant difference between hybrids
LSD 2 is the least significant difference between pollination treatments
The LSD for grain yield and actual ear fill was calculated using only the 50% and 100% pollination treatments
*,** Indicate statistical significance at the 5% and 1 % levels of probability, respectively.
ns = not significant.
Data presented are means of 2 years.
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Table 2. Effect of pollination level on the dry matter yield, harvest index, dry matter content, crude protein, ADF and NDF
in 4 maize hybrids.
Hybrids

Pollination
level

Dry matter
yield

%

Mg ha-1

TTM 815

0
50
100

11.9
11.4
16.0

0
186
422

263
264
316

Pioneer 3223

0
50
100

11.6
13.8
19.2

0
234
460

Pioneer 3163

0
50
100

11.0
11.6
19.8

Pioneer 3167

0
50
100

Hybrid
average

Pollination
level average

Harvest
Index

Dry matter
content

Crude
protein

ADF

NDF

72
78
73

278
255
216

527
514
442

274
322
343

66
71
69

298
263
211

561
503
404

0
238
460

271
320
351

60
73
63

305
287
222

557
562
431

13.7
13.3
16.5

0
205
359

257
282
300

77
81
65

298
299
268

564
563
510

TTM 815
Pioneer 3223
Pioneer 3163
Pioneer 3167

13.4
14.8
14.1
14.5

335
407
435
307

281
313
314
280

74
69
65
74

250
257
271
288

494
489
517
546

LSD 1

ns

54*

24**

ns

26**

36**

0
50
100

12.0
12.5
17.8

0
214
427

266
297
328

69
76
67

295
276
229

552
536
447

LSD 2
Interaction

1.8**
ns

50**
ns

21**
ns

7**
15*

25**
ns

42**
ns

g kg-1

LSD 1 is the least significant difference between hybrids
LSD 2 is the least significant difference between pollination treatments
The LSD for grain yield and actual ear fill was calculated using only the 50% and 100% pollination treatments
*,** Indicate statistical significance at the 5% and 1 % levels of probability, respectively. ns=not significant.
Data presented are means of 2 years.

Discussion
The variation of grain yields between hybrids (Pioneer
3167, 75 g plant-1; Pioneer 3163, 116 g plant-1) may be
attributed to genetic factors although hybrids have
similar maturity range (Cusicanqui and Lauer, 1999).
Hybrids did not differ in grain yield at the 50% ear-fill
treatment. In this study, the 50% pollination treatment
did not reach the targeted 50% ear fill for any of the
hybrids. Ear-filling ranged from 28% to 47% and actual

ear-fill average was 36% for all the hybrids. When
pollination is weak or absent, kernels do not develop
properly and morphological composition alters (Deinum
and Struik, 1986). Plant height and stem diameter were
not related to DM yield (Table 4). This is consistent with
the findings reported by Schmid et al. (1976) and Hunter
(1986). However, Gallais et al. (1976) reported that
plant height and stem diameter are related to plant DM
yield. Such differences in the results might be attributable
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Table 3. Correlation coefficient calculated among agronomic properties at different level of pollination
treatments in 4 maize hybrids (n = 32, 48).
Characters
ACF

GY

ACF

PH

SD

LC

SC

0.98**

PH

0.05

0.08

SD

-0.86**

0.01

0.40**

LC

-0.75**

-0.68**

-0.36**

0.15

SC

-0.86**

-0.87**

0.20

0.23

0.57**

EC

0.92**

0.91**

-0.05

-0.23

-0.74**

-0.96**

GY: Grain yield, ACF: Actual ear fill, PH: Plant height, SD: Stem diameter, LC: Leaf content,
SC: Stalk content, EC: Ear content.
*,** Significant correlation at the 0.05 and 0.01 levels of probability, respectively.
Data presented are means of two years.

Table 4. Correlation coefficient calculated among agronomic properties and quality indices at different
levels of pollination treatments in 4 hybrids (n = 32, n = 48) .
Characters

DMY

DMC

CP

ADF

NDF

GY

0.83**

0.80**

-0.10

-0.75**.

-0.81**

ACF

0.74**

0.66**

0.11

-0.70**

-0.69**

PH

-0.02

-0.26

0.14

-0.26

-0.24

SD

0.21

0.21

0.30*

-0.03

0.02

LC

-0.55**

-0.63**

0.13

0.74**

0.76**

SC

-0.66**

-0.77**

0.01

0.62**

0.62**

EC

0.69**

0.81**

-0.06

-0.73**

-0.73**

DMY: Dry matter yield, DMC: Dry matter content, CP: Crude protein, ADF: Acid detergent fibre, NDF:
Neutral detergent fibre, GY: Grain yield, ACF: Actual ear fill, PH: Plant height, SD: Stem diameter, LC:
Leaf content, SC: Stalk content, EC: Ear content.
*,** Significant correlation at the 0.05 and 0.01 levels of probability, respectively.
Data presented are means of 2 years.

to the environmental and cultural practices and genetic
factors. The ear content was positively correlated with
DM yield (r = 0.69**) and DM content (r = 0.81**, Table
4). These findings are in agreement with the results of a
study by Struik (1983). Pioneer 3223 and Pioneer 3163
had the greatest HI of 407 and 435 g kg-1, respectively.
A similar result was reported by Coors et al. (1997).
The decrease in DM yield due to reduced pollination
-1
averaged over all 4 hybrids was 323 g kg . Our results
are similar to those of Leshem and Wermke (1981) and
Deinum and Struik (1986) who removed the ear
completely before pollination and caused a dramatic
46

reduction in yield up to 500-600 g kg-1. DM yield was
positively correlated (r = 0.83**) with grain yield (Table
4). No differences occurred among the hybrids in DM
yields (Table 2).
Whole-plant DM content differed in the hybrids.
-1
Pioneer 3223 (313 g kg ) and Pioneer 3163 (314 g
kg-1) had higher whole-plant DM content than TTM 815
(281g kg-1) and Pioneer 3167 (280 g kg-1). Whole-plant
DM content of Pioneer 3163 and Pioneer 3223 were
more affected by pollination treatments as compared to
other varieties. DM content was positively correlated with
grain yield (r = 0.80**) and ear content (r = 0.81**) and
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was negatively correlated with leaf content (r = -0.63**)
and stalk content (r = -0.77**). Whole-plant DM content
at harvest is important due to its effect on ensiling and
animal DM intake (Gallais et al., 1976; Vattikonda and
Hunter, 1983). Struik (1983) reported that DM content
of the whole-plant was mainly affected by the DM content
of the ear and the proportion of ear in the fresh material.
In Europe, DM content is acceptable for ensiling in the
range between 280 and 300 g kg-1 (Hunter, 1986).
There have been variations on reported DM content based
on hybrids, harvest stage, and agronomic treatments
(Russell et al., 1992; Coors et al., 1997; Darby and
Lauer, 2002).
Overall whole-plant NDF concentration level decreased
-1
by 190 g kg as pollination level increased (Table 2).
Coors et al. (1997) reported that NDF concentrations
decreased by 150 g kg-1 as pollination level increased
from 0% to 100%. Whole-plant NDF concentrations and
HI values have a strong negative correlation (Cox et al.,
1994; Cox and Cherney, 2001). So the increase in grain
yield values probably resulted in a decrease in NDF
concentrations at higher pollination, which has a negative
correlation with NDF. The whole-plant NDF content is
important in ration formulation because they reflect the
amount of forage that animals can consume. As NDF
percentage increases, dry matter intake generally
decreases (Soest, 1994). There were significant
differences among the hybrids for the NDF content. The
greatest NDF content occurred for Pioneer 3167 (546 g
kg-1), and followed by Pioneer 3163 (517 g kg-1), TTM
815 (494 g kg-1), and Pioneer 3223 (489 g kg-1).
Pioneer 3167 and Pioneer 3163 statistically fell into the
same group. Similarly, Pioneer 3163, TTM 815, and
Pioneer 3223 were also statistically in the same group.
Coors et al. (1997) reported that whole-plant ADF
concentration decreased with ear fill, which had a
negative correlation. Pioneer 3167 had higher ADF
compared with those of TTM 815 and Pioneer 3223.
There has been significant genetic variability for forage
quality among maize hybrids (Roth et al., 1970;

Widdicombe and Thelen, 2002). The range of NDF from
415 to 490 g kg-1 and ADF from 240 to 285 g kg-1
values were reported by Allen et al. (1991) and Hunt et
al. (1992). Complete removal of ear shoots before
pollination caused considerable declines in crop
digestibility (Struik 1983) since grain filling is positively
correlated with DM content and digestibility. This result
should be expected when removing a more digestible part
from the plant. ADF content increased, which was
negatively correlated with the digestibility of forage
(Soest, 1994).
Whole plant CP for the 50% pollination level was 76
-1
-1
g kg and CP values of 69 and 67 g kg occurred at 0%
and 100% pollination levels, respectively. However,
Coors et al. (1997) reported that whole-plant CP
concentration decreased as pollination level increased
from 0% to 100%. These differences could be due to the
difference in the environmental conditions and the
hybrids used in the studies.
In conclusion, DM content and DM yield increased
with pollination levels as a result of increasing kernel
development. Ear-fill or kernel development is one of the
most important factors influencing whole-plant
nutritional quality. Increasing ear fill would be caused by
decreasing whole-plant NDF and ADF. Ear content
showed strong correlation with whole-plant ADF (r = 0.73**) and NDF (r = -0.73**) concentrations. Leaf
content and stalk content was negatively correlated (r = 0.68** and -0.87**) with pollination levels or actual ear
fill. Studies on the effect of these quality differences in
the hybrids on animal digestion and feeding performance
should be conducted.

Acknowledgements
The authors wish to thank Dr Sabit Erﬂahin,
Department of Soil Science, the University of
Gaziosmanpaﬂa, Tokat, Turkey, for critically reading the
manuscript.

References
Allen, M.S., K.A. O’neil, D.G. Main and J. Beck. 1991. Relationship
among yield and quality traits of maize hybrids for silage. J.Dairy
Sci. 74: (Suppl.1): 221.

Barriere, Y., O. Argillier, B. Michalet-Doreau, Y. Hebert, E. Guingo, C.
Giauffret and J.C. Emile. 1997. Relevant traits, genetic variation
and breeding strategies in early silage maize. Agronomie. 17:
395-411.

47

Effect of Pollination Levels on Yield and Quality of Maize Grown for Silage

Coors, J.G., P.R. Carter and R.B. Hunter. 1994. Silage maize. In
A.R.Hallauer (ed.) Specialty maizes. CRC Press, Boca Raton, FL.
p. 305-340.
Coors, J.G., K.A. Albrecht and E.J. Bures. 1997. Ear-fill effects on yield
and quality of silage maize. Crop Sci. 37: 243-247.
Cox, W.J. and D.J.R. Cherney. 2001. Row spacing, plant density, and
nitrogen effects on corn silage. Agron. J. 93: 597-602.
Cox, W.J., J.H. Cherney, D.J.R. Cherney and W.D. Pardee. 1994.
Forage quality and harvest index of corn hybrids under different
growing conditions. Agron. J. 86: 277-282.
Cusicangui, J.A. and J.G. Lauer. 1999. Plant density and hybrid
influence on maize forage yield and quality. Agron. J. 91: 911915.
Darby, H. M. and J.G. Lauer. 2002. Harvest date and hybrid influence
on corn forage yield, quality, and preservation. Agron. J. 95:
559-566.
Deinum, B, and J.J. Bakker. 1981. Genetic differences in digestibility of
forage maize hybrids. Neth. J. of Agric. Sci. 27: 116-130.
Deinum, B. and P.C. Struik. 1986. Improving the nutritive value of
forage maize in Europa. In O. Dolstra and P. Miedema (ed.)
Breeding of silage maize. Proc.13th congress on the maize and
sorghum section of EUCARPIA, Wageningen, The Netherlands, 912 Sept. 1985, PUDOC, Wageningen, The Netherlands, pp. 7790.
Deinum, B. 1988. Genetic and environmental variation in quality of
forage maize in Europe. Netherlands J. of Agric. Sci. 36: 400403.
Gallais, A., M. Pollacsek and L. Huguet. 1976. Possibilities de selection
du mais en tant que plante fourragere. Annales d’Amélioration ds
Plantes, 26: 591-605.
Goering, H.K. and P.J. Van Soest. 1970. Forage fiber analysis
(Apparatus, reagents, procedures and some applications) USDA
Handbook No: 379, U.S. Govt., Printing Office, Washington, D.C.
Hunter, R.B. 1986. Selection hybrids for silage maize production: A
Canadian experience. In O. Dolstra and P. Miedema (ed.) Breeding
of silage maize. Proc.13th congress on the maize and sorghum
section of EUCARPIA, Wageningen, The Netherlands, 9-12 Sept.
1985, PUDOC, Wageningen, The Netherlands, pp. 140-146.
Hunt, C.W., W. Kezar and R. Vinande. 1992. Yield, chemical
composition, and ruminal fermentability of maize whole-plant,
ear, and stover as affected by hybrid. J. Prod. Agric. 5: 286-290.
Irlbeck, N.A., J.R. Russell, A.R. Hallauer and D.R. Buxton. 1993.
Nutritive value and ensiling characteristics of maize stover as
influenced by hybrid maturity and generation, plant density, and
harvest date. Anim. Feed Sci. Tech. 41: 51-64.

Nocek, J. E. 1997. Bovine acidosis: implications on lameness. J. Dairy
Sci. 80: 1005– 1028
Pinter, L. 1986. Ideal type of forage maize hybrid (Zea mays L.). In: O.
Dolstra and P. Miedema (ed.) Breeding of silage maize. Proc. 13th
congress on the maize and sorghum section of EUCARPIA,
Wageningen, The Netherlands, 9-12 Sept. 1985, PUDOC,
Wageningen, The Netherlands, pp. 123-130.
Phipps, R.H., R. Weller and R.J. Fulford. 1979. The development of
plant components and their effects on the composition of fresh
and ensiled forage maize. 3. The effect of grain content on milk
production. J. Agric. Sci. 92: 493-498.
Roth, L.S., G.C. Marten, W.A. Compton and D.D. Stuthman. 1970.
Genetic variation for quality traits in maize (Zea mays L.) forage.
Crop Sci. 10: 365-367.
Russell, J.R., N.A. Irlbeck, A.R. Hallauer and D.R. Buxton. 1992.
Nutritive value and ensiling characteristics of maize herbage as
influenced by agronomic factors. Animal Feed Sci. Tech. 38: 1124.
SAS Institute. 1990. SAS/STAT user’s guide. Version 6th edition. SAS
Inst. Cary, NC.
Schmid, A.R., R.D. Goodrich, R.M. Jordan, G.C. Marten and J.C.
Meiske. 1976. Relationships among agronomic characteristics of
corn and sorghum cultivars and silage quality. Agron. J. 68: 403405.
Soest, Van. P.J., J. Robertson. and B.A. Lewis. 1991. Methods for
dietary fiber, neutral detergent fiber, and nonstarch
polysaccharides in relation to animal nutrition. J. Dairy Sci. 74:
3583-3597.
Soest, Van. P.J. 1994. Nutritional Ecology of the Ruminant. In Van
Soest P.J. (2nd ed.). Fiber and Physicochemical Properties of
Feeds. Corneell University Press, Ithaca and London, pp. 140-155.
Struik, P.C. 1983. Physiology of forage maize (Zea mays L.) in relations
to its production and qualty. Ph. D.diss. Agricultural Univ.,
Wageningen, The Netherlands.
TKB, 2007. Tarımsal Veriler. Tarim ve Köyiﬂleri Bakanlı¤ı, Strateji
Geliﬂtirme Baﬂkanlı¤ı, Ankara.
Vattikonda, M.R. and R.B. Hunter. 1983. Comparison of grain yield and
whole-plant silage production of recommended maize hybrids.
Can. J. Plant Sci. 63: 601-609.
Widdicombe, W.D. and K.D. Thelen. 2002. Row width and plant density
effect on maize forage hybrids. Agron. J. 94: 326-330.
Wiersma, D.W., P.R. Carter, K.A. Albrecht and J.G. Coors. 1993.
Kernel milkline stage and maize forage yield, quality, and water
content. J. Prod. Agric. 6: 94-99.

Leshem, Y. and M. Wermke. 1981. Effect of plant density and removal
of ears on the quality and quantity of forage maize in a temperate
climate. Grass For. Sci. 36: 147-153.

Wolf, D.P., J.G. Coors, K.A. Albrecht, D.J. Undersander and P.R.
Carter. 1993. Agronomic evaluations of maize genotypes selected
for extreme fiber concentrations. Crop Sci. 33: 1359-1365.

National Research Council. 2001. Nutrient Requirements of Dairy
Cattle, Seventh Revised Ed. National Academy Press. Washington,
D.C. USA. pp. 34– 42.

Woody, H.D., D.G. Fox and J.R. Black. 1983. Predicting net energy
value of maize silage varying in grain content. J. Dairy Sci. 57:
710-716.

48

